Unusual or unexpected effect of treatment Background:
Background
Diabetic retinopathy is among the most common causes of visual disabilities including blindness in patients with diabetes mellitus. The diabetic macular edema (DME) is also important pathologic change of diabetic retinopathy [1] . DME attacks diabetic patients' eye in dependent of the stages of their diabetic retinopathy [2] [3] [4] . The mechanisms underlying DME are explained by VEGF-induced inflammations of retina and following leakages of fluid from retinal capillaries. These pathological changes result in retinal edema and, in a clinical point of view, visual disturbances [1] [2] [3] . The visual symptoms experienced by the patients with DME are blurred vision, floaters, double vision and gradual loss of visual acuity. The gradual visual deterioration due to DME ends up with blindness and gives heavy physical and mental burden on patients with diabetic mellitus.
Intra-vitreous injections of corticosteroid or antibodies/agents against vascular endothelial growth factor (VEGF) are 2 major therapeutic strategies in the treatment of DME [3, 5] . The injection procedures usually need to be repeated every 3 months since the effects of the treatment is transient and limited [5] . Since the cost of these agents are high, the treatment is not only troublesome but also cost-ineffective. Panretinal photocoagulation with laser beam is another potential strategy for the treatment of DME. However, the concern is that the procedures possibly impair visual acuity in some patients [6] .
Sodium glucose transporter 2 (SGLT2) inhibitors have emerged as a standard treatment of type 2 diabetes. Beyond the control of blood glucose levels, additional preferable effects of SGLT2 inhibitors are now accumulating: such as prevention of cardiovascular events and protection against diabetic nephropathy [7] [8] [9] . We reported that some of these beneficial effects of SGLT2 could be attributed to the direct action of the agents of SGLT2 on mesangial cells and retinal pericytes [10] . We also reported the presence of SGLT2 in mesangial cells and retinal pericytes [11] [12] [13] [14] [15] and suggested SGLT2 in both cells is the main causes of occurrence of diabetic nephropathy and retinopathy [16] . Although it is considerable clinical interest whether SGLT2 inhibitors have any therapeutic effect on diabetic retinopathy including DME, no clinical studies have been reported up to now. We here present a woman with type 2 diabetes who recovered from DME both in clinical and pathological aspects after introduction of an SGLT2 inhibitor for the purpose of glycemic control.
Case Report
A 63-year-old woman was diagnosed as type 2 diabetes with retinopathy 7 years ago. The treatment was started with insulin followed by administrations of the dipeptidyl peptidase-4 (DPP4) inhibitor, sitagliptin, and metformin. The level of her hemoglobin A1c (HbA1c) had been controlled around 7%. She had undergone photocoagulation therapy for the proliferative retinopathy of her right eye. Since then, the visual acuity of her right eye has been maintained 20/20. She began to feel decreased visual acuity and blurred vision of her left eye approximately 8 months before the visit to our clinic. The symptoms were progressive. The ophthalmologist (Dr. T.E.) made diagnosis of DME.
Intra-vitreous injections of corticosteroid injections were performed several times, with no measurable improvement, which lead us to consider that her DME was corticosteroid-resistant. Her visual acuity further decreased to 20/50.
Before introduction of an SGLT2 inhibitor, her prescription regimen for diabetes was sitagliptin (50mg daily) and metformin (250 mg daily). Metformin was changed to ipragliflozin (25 mg/day) for the better glycemic control.
Her left visual acuity started to improve after 4 weeks of treatment with ipragliflozin and improved to 20/22 after 24 weeks (Table1) with subjective amelioration of blurred vision disappeared. The treatment had no influence on her right visual acuity. Although the macular edema measured with optical coherence tomography images (OCT) using an RS-3000 (Nidek Co., LTD, Aichi, Japan) did not change until 12 weeks of the treatment, the size of the cyst decreased prominently after 16 weeks (Figure 1.) .
Discussion
In the presented case, the visual acuity and subjective symptoms started to improve as early as 4 weeks after the initiation of the SGLT2 inhibitor, ipragliflozin, followed by morphological amelioration of the macula. The effect of the SGLT2 inhibitor is not likely to be mediated by glycemic control due to the following reasons; First, the amplitude of reduction of HbA1c level was rather small (0.3%). Second, the time course of the visual improvement was too rapid. Third, it has not been reported that DME can be improved by proper glycemic control attained by other measures in a short time course. Delayed response to intravitreous steroid injection and spontaneous remission of DME are not common. These observations led us to consider that the improvement of DME appeared to be mediated by SGLT2 through its specific pharmacological action.
Recently, reports of the beneficial effects of SGLT2 on cardiovascular events and diabetic nephropathy are accumulating [7] [8] [9] . The inhibitory effect of SGLT2 on albuminuria was independent of glycemic control [17] , which also suggests SGLT2 inhibitors have a direct effect on diabetes complications [10] .
The clinical doses of ipragliflozin are 25 mg to 100 mg as determined by the Japan Ministry of Health, Labor and Welfare. We prescribed 25 mg of ipragliflozin to the patients in order to minimize its adverse effects such as dehydration, polyuria, and genital infections, considering her age and body weight. Indeed, this small amount of ipragliflozin resulted in glycosuria and reduction of hemoglobin A1c levels, indicating that the concentration of the SGLT2 inhibitor in renal proximal tubules was sufficient in this case. Moreover, the concentration of drug in the blood circulation of the patient seems to be high enough to inhibit SGLT2 in the body other than in the renal proximal tubules.
At present, intravitreous injections of corticosteroids, anti-VEGF antibodies, or agents or photocoagulation are regard as gold standard therapies for the treatment of DME [3] [4] [5] . VEGF is reported to be one of the endogenous substances responsible for the development of DME [1, 5] . Among these treatments, anti-VEGF antibody therapy is proved to be superior to the photocoagulation therapy. However, anti-VEGF antibodies have been reported to have serious adverse effects such as nonfatal cerebrovascular accidents and myocardial infarction [5] . In addition, anti-VEGF antibodies and agents are expensive and need frequent (several times per year) and long-term administration. Together with their ineffectiveness in some patients, these results show that novel therapeutic measures are urgently needed. The present case suggests that SGLT2 inhibitors are candidate drugs for this purpose.
Capillaries consist of pericytes and endothelial cells. Pericytes play important roles such as structural maintenance of the capillary and regulation of blood flow in capillary nets [18] . DME is manifested as focal or diffuse leakage from retinal dilated capillaries and micro-aneurysms, probably caused by retinal barrier dysfunction [2, 3, 6] . It is likely that damage to retinal pericytes leads to the retinal barrier dysfunction. In diabetic retinopathy, retinal pericyte swellings and loss are key pathological changes, followed by retinal micro-aneurysms, bleeding, and proliferative changes [19] . Likewise, high-glucose-induced dysfunction of retinal pericytes may be involved in the Clinical course of body weight (BW), body mass index (BMI), visual acuity, creatinine (Cr), estimated glomerular filtration rate (eGFR), urine albumin creatinine ratio (ACR; urine albumin/urine g creatinine), blood sugar level, and hemoglobin A1c (HbA1c; NGSP) in our patient. Visual acuity is expressed using the Landolt ring method, which is generally used in Japan, and using the American method. Blood sugar was measured using a glucose oxidase method, and HbA1c was measured using HPLC method.
development of DME, since retinal pericytes are reported to produce VEGF in diabetic retinopathy [20] .
We reported the presence of SGLT2 in mesangial cells and retinal pericytes [11, 12, 15] . Long-term high-glucose conditions impair contractile responses of mesangial cells and lead to the loss of retinal pericytes. These are considered as major changes observed in diabetic nephropathy and retinopathy [19] . The non-selective SGLT inhibitor, phlorizin, prevented the impaired contractility of retinal pericytes and mesangial cells under highglucose conditions [14, 15] . Thus, it is plausible to consider that SGLT2 inhibitors protect pericytes against high-glucose-induced damages. Although speculative, similar mechanisms may be working in the recovery of DME treated with an SGLT2 inhibitor. Another possible mechanism to be considered is that ipragliflozin reversed DME through the inhibition of VEGF production. Since retinal pericytes are reported to produce VEGF in diabetic retinopathy [20] , an SGLT2 inhibitor may attenuate DME directly through the inhibition of VEGE production.
The prices of SGLT2 inhibitors differ among countries, ranging from $1.8 to $14.0 a day and $657 to $5110 per year. Prices of anti-VEGF antibodies or agents differ from $1800 to $2000 per year. The mean injection times were reported to be 9-12 times per year in the VISTA and VIVID studies and 7-8 times per year for ranibizumab [21] . On the other hand, the mean intravitreous injections are reported to be about 3.1 times per year (range, 1-17) in 2-year follow-up [22] . From these data, the cost of only drugs for the treatment of DME is in the range of $5580-$21 600 per year. The incidence of DME is 3.8% to 6.81% in diabetic patients [23] . It is estimated there are about 746 000 patients suffering from DME in the US population aged 40 years or older in 2010 [23] . Considering the large number of patients with DME worldwide, SGLT2 inhibitors may have a crucial effect on the economic and physical burdens on patients and society. In addition, SGLT2 inhibitors have other beneficial effects, such as glycemic control and protection of vital organs like the heart and kidneys, which makes their influence on personal and public health even greater. One of the adverse effects of SGLT2 inhibitors is volume depletion, which is more prominent in the elderly (³75 years old) with higher doses of INVOKANA © (from the Brief Summary of Prescribing Information). If a smaller dose of SGLT2 inhibitor is effective on DME, as observed in our case, the medical cost would further be reduced, especially in the elderly.
